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Abstract— This paper presents generator maintenance 
scheduling (GMS) and economic dispatch (ED) of the Indonesian 
power system based on minimization of an economic cost 
function for the economical and reliable operation of a power 
system, while satisfying crew/manpower, maintenance window, 
load demand, generation limits and spinning reserve constraints. 
Differential evolution (DE), an evolutionary computation 
technique and an optimization algorithm that utilizes the 
differential information to guide its further search, is known to 
effectively solve large scale optimization problems and has been 
widely applied in power system. In this paper, the DE approach 
is proposed for solving the GMS problem and the resulting 
optimal maintenance schedules are used by the Lambda-iteration 
(LI) method to calculate the ED for the 19 generating units 
supplying power to two major industrial parks located in Bintan 
and Batam in Indonesian. The simulation results show great 
prospect for application in control centers by solving GMS and 
ED problems of many utilities which seek to minimize running 
costs. The results obtained offer an effective alternative for 
solving the GMS and ED problems.  
 
Index Terms—Differential evolution, economic cost function, 
economic dispatch, generator maintenance scheduling, 
Indonesian power system, maintenance cost, operation cost. 
NOMENCLATURE 
ia  Fuel cost coefficient for running unit i 
tAM  Available manpower at period t  
ib  Fuel cost coefficient for running unit i 
ic  Fuel cost coefficient for running unit i 
CR Crossover constant 
jkd        Maintenance start indicator 
d Population dimension  
jD        Maintenance downtime for unit j in maintenance 
DE Differential evolution 
DE-LI Differential evolution and Lambda-iteration 
ie         Earliest period for maintenance of unit i  to begin 
ED Economic dispatch 
F Scaling factor for mutation 
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GMS Generator maintenance scheduling 
i        Index of running generating units 
j Index of generating units in maintenance 
I        Set of generating unit indices 
jl          Latest period for maintenance of unit j  to end 
LI Lambda-iteration 
tL         Anticipated load demand for period t  
jkM       Manpower needed by unit j  at week k  
np Number of population in a generation 
cN       Total number of constraints 
mN       Total number of generating units in maintenance 
rN       Total number of running generating units 
oU  Initial random population 
U1, U2 and U3          Randomly selected parents population 
vectors 
U3
’     Offspring vector 
Ui Primary array vector 
itP       Generating capacity of unit i  in period t  
Pt Trial vector 
rand Random number with uniform distribution in the 
range of [0, 1] 
tR  Spinning reserve in period t 
t         Index of period 
T         Set of indices of periods in planning horizon 
|VC| Amount of constraint violation  
Vj Maintenance cost per week 
cω  Weighting coefficient for constraint violation 
I.  INTRODUCTION 
AINTENANCE scheduling of generating units is 
performed in order to supply electricity with a high 
reliability level while minimizing the total operating and 
maintenance costs. Modern power system is experiencing 
increased demand for electricity with related expansions in 
system size, which has resulted in higher number of 
generators and lower reserve margins making the generator 
maintenance scheduling (GMS) problem more complicated. 
The aim of maintenance scheduling is to determine the 
optimized timing and duration for scheduled planned 
maintenance overhauls for generating units while maintaining 
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high system reliability, reducing production cost, prolonging 
generator life time subject to some unit and system constraints 
[1], [2]. 
One of the options available to the utilities in order to 
maintain a high level of reliability and economy of the power 
system is economic dispatch (ED). ED allocates the total 
power demand among the online generating units in order to 
minimize the cost of generation while satisfying important 
system constraints. Some factors that influence ED of the 
system are operating efficiency of generating units, fuel and 
operating costs, and transmission losses. The ED problems 
are in general non-convex optimization problems with many 
local minima. Numerous classical techniques such as 
LaGrange based methods, linear programming (LP), non-
linear programming (NLP) and quadratic programming (QP) 
methods have been reported in the literature [3].  
Most of power system optimization problems including 
GMS and ED have complex and nonlinear characteristics with 
stringent equality and inequality constraints to be satisfied. 
Different optimization techniques applied so far to solving 
these problems can be classified according to the type of the 
search space and/or the objective function [1]-[9]. Depending 
on the problem formulation, the objective function could be 
minimization of the unit maintenance costs or some 
predefined reliability risks subject to some constraints 
resulting in nonlinear optimization as proposed in [4]-[7]. 
Solving such nonlinear optimization problems for most cases 
may not be feasible because their numerical solutions require 
extensive computational efforts, which increase exponentially 
with the problem complexities. Even though deterministic 
optimization problems are formulated with known parameters, 
real world problems almost invariably include some unknown 
parameters. 
In order to obtain approximate solution of a complex GMS, 
new concepts have emerged in recent years [7]-[10]. They 
include applications of probabilistic approach [7], simulated 
annealing [8], decomposition technique [9] and genetic 
algorithm (GA) [10]. The application of GA to GMS 
presented in [10] have been compared with, and confirmed to 
be superior to other conventional algorithms such as heuristic 
approaches and branch-and-bound (B&B) in the quality of 
solutions. 
GMS using DE for the minimization of reliability cost 
function of leveling reserve generation over an entire period 
of 52 weeks maintenance window for the Nigerian power 
system have been reported in [11], while in this paper the ED 
of DE based GMS which aims at the minimization of an 
economic cost function of the Indonesian power system is 
presented.  
This paper presents the differential evolution (DE) 
algorithm that is simple and efficient for global optimization 
[12]. 
The primary contributions of this paper are: 
• Application of DE algorithm in minimizing an economic 
cost function that aims at optimizing the overall costs of 
operating and maintaining generating units 
• Application of DE to solving the GMS problem for the 
Indonesian power system, with results suggesting the 
possibility of having the potential for on line applications 
in the Indonesian control centers 
• Solving the ED problem of running (or online) generating 
units while excluding units scheduled for  maintenance  
II.  PROBLEM FORMULATION 
Basically, there are two main categories of objective 
functions in GMS, namely, based on reliability and economic 
cost [2]. The economic cost function is been considered in 
this paper. The costs that need to be minimized for this 
optimal maintenance scheduling of generators are the 
operation and maintenance costs, while penalty cost is added 
to the objective function for violation of any of the constraints 
[13].  
The economic dispatch (ED) problem is to find the optimal 
combination of power generations that minimizes the total 
generation cost while satisfying some equality and inequality 
constraints. In maintenance scheduling with ED, the main 
challenge is to efficiently and optimally schedule generating 
units for maintenance while the running units handle 
fluctuating, uncertain and peak loads over the entire 
maintenance period.   
Suppose Tj ⊂ T is the set of periods when maintenance of 












d jk           
                                                                                           
to be the maintenance start indicator for unit j in period t. Let 
Sjt be the set of start time periods k such that if the 
maintenance of unit j starts at period k that unit will be in 
maintenance at period t, { }tkDtTkS jjjt ≤≤+−∈= 1: .  
The objective here is to minimize the economic cost 
function given by (2), consisting of both the operation and 
maintenance costs. The operation cost of a thermal unit is 
expressed as second order function of each unit output itP , 
while the maintenance cost is represented by fixed 
maintenance cost per week Vj times the maintenance 
downtime Dj of each unit on maintenance. Since the equation 
for the operation cost of the generating units are expressed on 
a per hour basis, a multiplier of 168 is used to get the total 
cost for operation in one week. 
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subject to the following constraints:  
 
• Crew/manpower constraint 
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This defines the manpower availability for maintenance 
work. The number of people to perform maintenance work 
cannot exceed the available crew within each period. 
 






jkjk AMdM )1( ,     for all Tt ∈           (3) 
 
 
• Maintenance window constraint 
This defines the possible times and duration of maintenance 
for each generating unit. It specifies the starting of 
maintenance at the beginning of an interval and finishing at 







jjk Dd )1( ,     for all mNj ∈                           (4)             
 
 
• Load constraint  
The generated power from all the running units must satisfy 
the load demand and the system losses. However, the 
network loss is not considered in this paper for simplicity. 
 







,      for all Tt ∈                                               (5) 
 
• Generation limits constraints 
Each generating unit must not exceed lower and upper 
generation limits. 
 
   maxmin iii PPP ≤≤                  (6) 
 
• Spinning reserve constraint 
Sufficient spinning reserve is required from all running 
units to maximize and maintain system reliability. 
  







max ,     for all Tt ∈                                (7) 
 
Penalty cost given by (8) is added to the objective function 
in (2) if the schedule cannot satisfy the constraints given by 
(3) and (4). The penalty value for each constraint violation is 









ω                        (8)             
  
III.  DIFFERENTIAL EVOLUTION BASED APPROACH 
A. Differential Evolution  
Differential evolution is an optimization algorithm that 
solves real-valued problems based on the principles of natural 
evolution [11], [14]. DE uses a population of given size 
composed of floating point encoded individuals that evolve 
over generations to reach an optimal solution.  It was 
introduced by Storn and Price in 1995 as heuristic 
optimization method which can be used to minimize nonlinear 
and non-differentiable continuous space functions with real-
valued parameters. It has been extended to handle mixed 
integer discrete continuous optimization problem [15]. Design 
principles in DE are [11], [14]: 
• Simple structure, ease of use and robustness. 
• Operating on floating point with high precision. 
• Effective for integer, discrete and mixed parameter 
optimization. 
• Handling non-differentiable, noisy and/or time dependent 
objective functions. 
• Effective for nonlinear constraint optimization problems 
with penalty functions, etc. 
Like the other evolutionary (EA) family, DE also relies on 
initial random population generation, which is then improved 
using selection, mutation, and crossover repeated through 
generations until the convergence criterion is met. 
Although the canonical form of differential evolution solves 
optimization problems over continuous spaces, minor 
adjustments to the code allow DE to solve mixed integer 
optimization problems [15]. This is achieved with the use of 
operator that rounds the variable to the nearest integer value, 
when the value lies between two integers. 
An initial population composed of vectors oiU , i =1,2,…np, 
is randomly generated within the parameter space. The 
adaptive scheme used by the DE ensures that the mutation 
increments are automatically scaled to the correct magnitude. 
For reproduction, DE uses a tournament selection where the 
offspring vectors compete against one of their parents. The 
parallel version of DE maintains two arrays, each of which 
holds a population of np, d - dimensional, real value vectors. 
The primary array holds the current population vector, while 
the secondary array accumulates vectors that are selected for 
the next generation. In each generation, np competitions are 
held to determine the composition of the next generation. 
Every pair of randomly chosen vectors U1 and U2 defines a 
vector differential: (U1 - U2). Their weighted differential is 
used to perturb another randomly chosen vector U3 according 
to (9) given by: 
            
)( 213
'
3 UUUU F −∗+=                      (9) 
Typically (0 ≤ F ≤ 1.0) and F of 0.5 is taken in this study. It 
controls the speed and robustness of the search; a lower value 
increases the rate of convergence but also the risk of being 
stuck at the local optimum. The crossover is a complimentary 
process for DE. It aims at reinforcing the prior successes by 
generating the offspring vectors. In every generation, each 
primary array vector Ui, is targeted for crossover with a vector 
like U3
′ to produce a trial vector Ut according to (10).  
 
















3                               (10) 
 
Typically (0 ≤ CR ≤ 1.0) and CR of 0.8 is taken in this study. 
The newly created vector will be evaluated by the objective 
function and the corresponding value is compared with the 
target vector. The best fit vector is kept for the next 
generation as given by (11). The best parameter vector is 
evaluated for every generation in order to track the progress 
made throughout the minimization process; thus making the 
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The best parameter vector evaluated for every generation 
produce the optimum cost and is used to generate the optimal 
maintenance schedule that must satisfy constraints (3), (4) 
and (5). 
A detailed flowchart for the ED of a DE based GMS of a 































Fig. 1.  Flowchart for the ED of DE based GMS  
                          
B. Economic Dispatch  
The load demand is distributed among the running units in   
ED. The generation output of each unit should lie between the 
minimum and maximum power limits for good ED [16]. 
While minimizing the total generation cost, the total 
generation from running units should be equal to the total 
system demand plus the transmission network loss. However, 
the network loss is not considered in this paper for simplicity. 
The ED consists of finding the optimum operating policy and 
distribution of power among the running units while satisfying 
constraints (5 - 7) [16], [17]. The weekly maintenance 
schedule for the 19 generating units generated by the DE 
algorithm is used by the Lambda-iteration (LI) method, 
referred to by the authors as DE-LI, to calculate the ED of the 
running units while satisfying constraints (5 - 7), as shown in 
Fig. 1, the economic dispatch schedules are then printed and 
ready for dispatching in control centers or for further power 
system analysis such as use on the real time implementation 
platform for various forms low frequency oscillations and 
network disturbance studies.   
IV.  CASE STUDIES ON INDONESIAN POWER SYSTEM 
The test data for this paper is taken from a real power 
system consisting of 19 generating units from two industrial 
parks located in Bintan and Batam in Indonesia [12]. A 
planning horizon of 25 weeks is considered in this GMS 
problem.  
Table I presents the fuel cost coefficients and the output 
power ratings of the 19 generating units. Using the data in 
Table I, the production cost of the running units can be 
evaluated based on the economic dispatch schedule of running 
units, after obtaining the maintenance schedule from the 
minimization of the objective function in (2) subject to the 
constraints (3 - 7). Maintenance downtime (D) in weeks and 
the weekly maintenance cost (V) for each generating unit 
which participate in maintenance are also shown in Table I. 
These data are used in calculating the total maintenance cost. 
 
TABLE I 
GENERATING UNITS RATING, MAINTENANCE DOWNTIME  
AND WEEKLY MAINTENANCE COST 
a b c
1 6.1 52.6 5.4 0.0038 4 750
2 6.1 52.6 5.4 0.0038 1 750
3 6.1 52.6 5.4 0.0038 1 750
4 6.1 52.6 5.4 0.0038 1 750
5 6.1 52.6 5.4 0.0038 1 750
6 6.1 52.6 5.4 0.0038 3 750
7 6.1 52.6 5.4 0.0038 4 750
8 6.1 53.7 5.4 0.0046 3 750
9 6.1 51.5 5.4 0.005 3 750
10 6.4 51.5 5.4 0.005 3 850
11 6.4 52.5 5.4 0.0057 2 850
12 6.4 52.5 5.41 0.0057 1 820
13 8 76.5 5.36 0.0346 1 1500
14 8 76.5 5.4 0.0346 2 1500
15 2.1 55.4 5.33 0.0076 3 600
16 2.1 55.4 5.41 0.0076 2 600
17 2.1 55.4 5.41 0.0076 1 600
18 2.1 55.4 5.42 0.0076 3 600


















Create initial random 
population 
Evaluate fitness of each
individual in population
Evaluate objective 
function given by (2)
Evaluate new population by 
performing crossover and selection





Are constraints    
(3 -5) met ?
Yes
Perform recombination to 
generate offspring using (9)
No
Are constraints
(5 - 7)  met ?
Yes
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Table II shows the forecast of load demand, spinning 
reserve requirement and available crew/manpower for the    
maintenance horizon of 25 weeks. Overall average load 
demand forecast is 70.22MW. There is 15MW of spinning 
reserve requirement on every maintenance week. Also the 
maximum manpower available to carry out weekly 
maintenance work is limited to the manpower data presented 









LOAD DEMAND FORECAST, SPINNING RESERVE REQUIREMENT  




















1 70.2 104.6 15 19.4 12
2 69.1 104.6 15 20.5 12
3 69.3 104.6 15 20.3 12
4 66.4 104.6 15 23.2 12
5 70.5 104.6 15 19.1 12
6 73.4 104.6 15 16.2 10
7 67.5 104.6 15 22.1 12
8 68.9 104.6 15 20.7 8
9 70.1 104.6 15 19.5 8
10 70.4 104.6 15 19.2 12
11 68.7 104.6 15 20.9 12
12 67.6 104.6 15 22 12
13 70.3 104.6 15 19.3 12
14 71.4 104.6 15 18.2 10
15 67.9 104.6 15 21.7 12
16 70.8 104.6 15 18.8 8
17 72.1 104.6 15 17.5 10
18 72.3 104.6 15 17.3 12
19 70.7 104.6 15 18.9 12
20 66.9 104.6 15 22.7 12
21 71.1 104.6 15 17.9 12
22 76 104.6 15 13.6 12
23 71.7 104.6 15 17.9 10
24 70.6 104.6 15 19 8
25 71.6 104.6 15 18 8  
Results  
Table III shows typical maintenance schedules generated 
by DE algorithm for the 19 generating units over period of 25 
weeks, while Table A of the Appendix summarizes the units 
scheduled for maintenance on weekly basis over the 
maintenance horizon of 25 weeks.  
 
TABLE III 
GENERATING UNITS SCHEDULED FOR MAINTENANCE BY DE OVER  
25 WEEKS MAINTENANCE PERIOD 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1
5 1 1 1 0 1 0 1 1 1 1 1 1 1 1 0 1 1 0 1
6 0 1 1 1 1 0 1 1 1 1 1 0 1 1 0 1 1 0 1
7 0 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
8 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 0 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1
10 1 1 1 1 1 1 0 1 1 1 0 1 0 0 1 1 1 1 1
11 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0
12 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
15 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
16 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1
17 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1
18 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
19 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
23 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
24 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
25 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1




       Status: 1 – Running units, 0 – Units down on maintenance 
 
 The economic dispatch schedule of each of the running 19 
generating units (that is online units) is presented in Table B 
of the Appendix. The table shows the amount of power 
economically dispatched to meet the load demand presented 
in Table II while satisfying constraints (5 - 7). 
Table IV shows the operation and maintenance costs 
obtained from the ED produced by DE-LI over 25 weeks 
maintenance period. The total weekly maintenance cost is 
obtained using the fixed maintenance cost data presented in 
Table II. The maintenance cost is calculated by multiplying 
the fixed maintenance cost per week V times the maintenance 
downtime D of each unit in maintenance. The total operation 
costs for the 25 weeks period with the DE-LI stands at 
$5,681,037.60, while the total maintenance cost is 
$31,920.00. The operation cost is high for weeks 1, 3, 20 - 22 
since no unit is scheduled for maintenance within these 
periods and low for weeks 6 and 10 - 11 since these periods 
are experiencing high levels of maintenance work. 
Conversely, the maintenance cost is high during weeks 6 and 
10 - 11, while weeks 1, 3, 20 - 22 have no maintenance cost as 
there is no maintenance work been undertaken. These 
analogies agree with the results shown in Figs 2, 3 and 4 and 
Table A of the Appendix.  
   
TABLE IV 
 OPERATION AND MAINTENANCE  COSTS 




Operation cost ($) Maintenance cost ($) T otal cost   ($)
1 242356.8 0 242356.8
2 232545.6 750 233295.6
3 241550.4 0 241550.4
4 211528.8 1950 213478.8
5 204338.4 2700 207038.4
6 194628 3520 198148
7 213192 2250 215442
8 232360.8 750 233110.8
9 202440 3700 206140
10 198996 4600 203596
11 222213.6 1950 224163.6
12 231168 750 231918
13 233637.6 750 234387.6
14 234813.6 750 235563.6
15 231621.6 750 232371.6
16 224968.8 1350 226318.8
17 225792 1350 227142
18 234981.6 750 235731.6
19 233520 750 234270
20 239349.6 0 239349.6
21 243180 0 243180
22 247665.6 0 247665.6
23 235099.2 850 235949.2
24 234091.2 850 234941.2
25 234998.4 850 235848.4
T otal cost for 
25 weeks ($)
5,681,037.60 31,920.00 5,712,957.60  
 
Fig. 2 presents the plot of the operation cost over the entire 
maintenance period of 25 weeks. Figs. 3, 4 and 5 shows that 
there are heavier maintenance activities at weeks 6 and 10 -11 
compared with any other week, resulting in reduced operation 
costs within these maintenance periods. The manpower 
required for these maintenance works has also gone up. Fig.3 
also shows that at weeks 1, 3, 20 - 22 the operation costs are 
high compared with any other week. This is because all the 
generating units are running and none is out on maintenance, 
and the manpower requirement has dropped to zero as shown 
in Fig. 5. The generated schedule in Table A of the Appendix 
summarizes these facts and analogies.  The plot of the 
operation cost shows a mean cost and standard deviation of 
$227,240.00±14697.00. 
 

























Fig. 2. Operation cost plot 
Fig. 3 shows the plot of the maintenance cost. The weekly 
maintenance cost in $/week is provided as a fixed quantity for 
each of the 19 generating units as shown in Table I. These 
raw maintenance costs data are obtained based on the actual 
unit maintenance practices in Indonesia [13]. From Table I, 
units 13 and 14 have the highest maintenance cost per week 
mainly due to large capacity size machines, ageing, obsolete 
maintenance/repair or replacement parts of the units that must 
be purchased at expensive rates and the distance that the 
workmen must travel to get to the maintenance site, while 
units 15 – 18 have the least maintenance cost per week which 
may be attributable to these units been new with easily 
accessible and cheap maintenance parts and closeness of work 
site to the workmen. These units however, have different 
maintenance downtime window ranging from 1 week to 3 
weeks. Based on the typical maintenance schedule shown in 
Table A of the Appendix and from Table IV, weeks 6 and 10 -
11 indicate periods with heavy maintenance work, resulting in 
large maintenance costs. The plot of the maintenance cost 
shows a mean cost and standard deviation of 
$1276.80±1237.50.  
 

























Fig. 3. Maintenance cost plot 
 
Fig. 4 shows typical crew/manpower utilization over the 
maintenance period of 25 weeks produced by the DE 
algorithm. The DE algorithm is able to meet the crew 
constraint given by (3) and the limit on manpower availability 
presented in Table II. The crew plot has an average and 
standard deviation of 3±2.81. The plot shows that there is no 
maintenance on weeks 1, 3 and 20 - 22. Week 6 experienced 
the highest level of maintenance work requiring 8 crew 
members to maintain generating units 1,6,12, 15 and 18, with 
a combined installed capacity of 22.8MW, which is 21.79% of 
the overall total installed capacity of 104.6MW.  
 






















Fig. 4. Maintenance crew plots 
 
Fig. 5 shows the plots of maximum installed capacity, load 
demand and economic dispatch generation in MW over 25 
weeks maintenance period. The figure shows that the total 
economic dispatch generation from the operating units meets 
the total load demand, thus satisfying constraint (5). The total 
weekly economic dispatch generation and load demand plots 
Authorized licensed use limited to: Missouri University of Science and Technology. Downloaded on January 19, 2010 at 15:14 from IEEE Xplore.  Restrictions apply. 
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have average and standard deviations of 70.16±2.14 MW and 
70.22±2.14 MW respectively, representing an error margin of 
0.085%. Typically, this small error margin is acceptable for 
most practical applications. The figure also shows sufficient 
spinning reserve over the entire 25 weeks maintenance period, 














Fig. 5. ED generation and load demand plots 
 
Fig. 6 shows the summary and at a glance chart of the total 
weekly economic dispatch generation, spinning and net 
reserves from the entire simulation. The figure shows the 
sufficiency of spinning reserve at each maintenance week. 
The net reserve is the extra MW available after the load 
demand and spinning reserve requirements are met. The net 
reserve largely depends on the total maximum installed 


























Fig. 6.  Total weekly economic dispatch, spinning reserve and net reserve chart   
 
Table V shows the operation cost comparison between DE 
and DE-LI based approaches for evaluation of ED using 
similar generator maintenance schedules produced by the DE 
algorithm. The DE-LI generation dispatch results in operation 
cost saving of $26,000.00 compared with DE based dispatch, 
representing a total cost saving of 0.47%. Their maintenance 
costs are however the same with no cost saving.   
 
TABLE V 
 COST COMPARISON TABLE BETWEEN DE AND DE-LI BASED 
 APPROACHES FOR ED   
DE   DE -L I ($) %
1 236530 233540 2990 1.26
2 236530 233540 2990 1.26
3 224280 223900 380 0.17
4 236530 233540 2990 1.26
5 215870 214570 1300 0.6
6 196810 194610 2200 1.12
7 207530 202930 4600 2.22
8 210530 214410 -3880 -1.84
9 184200 192030 -7830 -4.25
10 156300 167410 -11110 -7.11
11 186000 183770 2230 1.2
12 199410 212850 -13440 -6.74
13 231490 233630 -2140 -0.92
14 232860 234820 -1960 -0.84
15 232860 231250 1610 0.69
16 232860 233900 -1040 -0.45
17 246530 234100 12430 5.04
18 236750 235460 1290 0.55
19 246530 232820 13710 5.56
20 246530 239350 7180 2.91
21 246530 243190 3340 1.35
22 246530 247660 -1130 -0.46
23 246530 243730 2800 1.14
24 246530 242730 3800 1.54
25 246530 243640 2890 1.17
Total cost for 
25 weeks  ($)




Operation cost ($) C ost saving
 
 
Table B of the Appendix shows the optimum economic 
dispatch policy that results in minimum operating costs for the 
economic operation of the 19 generating units supplying 
power to the two industrial parks located in Bintan and Batam 
in Indonesia.  
V.  CONCLUSION 
This paper illustrates the application of the DE algorithm in 
minimizing an economic cost function that optimizes the total 
cost of operating 19 generating units of two industrial parks 
located in Indonesia. The results show a prospect for 
incorporating additional system constraints and increasing the 
dimensionality of the problem. The results present an 
executable economic dispatch schedule that can easily be 
implemented in Indonesia’s control centers responsible for 
system operations, and illustrates optimum dispatch policy on 
how economically the Indonesian 19 generating units could be 
operated. Further work will examine implementation of these 
results in real time on the real-time digital simulator (RTDS) 
platform to investigate low frequency oscillations and real 




TYPICAL GENERATOR MAINTENANCE SCHEDULES  
OBTAINED BY DE AFTER 500 ITERATIONS AND 5000 TRIALS 
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1 - 70.2 15 19.4
2 2 69.1 15 20.5
3 - 69.3 15 20.3
4 3,15,18 66.4 15 23.2
5 4,6,15,18 70.2 15 19.4
6 1,6,12,15,18 73.19 15 16.41
7 1,5,6 67.23 15 22.37
8 1 68.9 15 20.7
9 1,11,14,17 69.79 15 19.81
10 7,11,13,14 69.89 15 19.71
11 7,19 68.7 15 20.9
12 7 67.5 15 22
13 7 70.3 15 19.3
14 9 71.4 15 18.2
15 9 67.9 15 21.7
16 9,16 70.8 15 18.8
17 8,16 72.1 15 17.5
18 8 72.3 15 17.3
19 8 70.7 15 18.9
20 - 66.9 15 22.7
21 - 71.1 15 18.5
22 - 76 15 13.6
23 10 71.7 15 17.9
24 10 70.6 15 19















 GENERATED ECONOMIC DISPATCH SCHEDULE 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 4.69 4.69 4.69 4.69 4.69 4.69 4.69 3.87 3.56 3.56 3.13 2.25 6.95 6.29 1.09 1.69 1.69 1.03 2.26
2 4.98 OFF 4.98 4.98 4.98 4.98 4.98 4.11 3.78 3.78 3.32 2.44 7.1 6.33 1.12 1.83 1.83 1.17 2.4
3 4.62 4.62 4.62 4.62 4.62 4.62 4.62 3.82 3.51 3.51 3.08 2.2 6.92 6.29 1.09 1.65 1.65 0.99 2.22
4 5.47 5.47 OFF 5.47 5.47 5.47 5.47 4.52 4.16 4.16 3.65 2.77 1.18 6.38 OF F 2.08 2.08 OFF 2.63
5 6.1 6.1 6.1 OF F 6.1 OF F 6.1 5.28 5.86 4.86 4.26 3.38 1.28 6.48 OF F 2.1 2.1 OFF 3.07
6 OFF 6.1 6.1 6.1 6.1 OF F 6.1 5.81 5.35 5.35 5.69 OF F 5.35 6.55 OF F 2.1 2.1 OFF 4.39
7 OFF 5.78 5.78 5.78 OF F OF F 5.78 4.78 4.4 4.4 3.86 2.98 7.5 6.42 1.21 2.1 2.1 1.58 2.78
8 OFF 4.96 4.96 4.96 4.96 4.96 4.96 4.1 3.77 3.77 3.31 2.43 7.1 6.33 1.12 1.82 1.82 1.17 2.39
9 OFF 6.1 6.1 6.1 6.1 6.1 6.1 5.04 4.64 4.64 OF F 3.19 7.66 OF F 1.25 2.1 OF F 1.74 2.94
10 6.03 6.03 6.03 6.03 6.03 6.03 OFF 4.98 4.58 4.58 OF F 5.66 OFF OF F 2.1 2.1 2.1 1.7 5.9
11 5.15 5.15 5.15 5.15 5.15 5.15 OFF 4.25 3.91 3.91 3.93 2.05 6.35 7.18 1.14 1.92 1.92 1.26 OFF
12 4.86 4.86 4.86 4.86 4.86 4.86 OFF 4.01 3.69 3.69 3.24 2.36 7.03 6.31 1.11 1.77 1.77 1.11 2.34
13 5.08 5.08 5.08 5.08 5.08 5.08 OFF 4.19 3.86 3.86 3.38 2.51 7.14 6.34 1.14 1.88 1.88 1.22 2.44
14 5.07 5.07 5.07 5.07 5.07 5.07 5.07 4.19 OFF 3.85 3.38 2.5 7.14 6.34 1.13 1.88 1.88 1.22 2.44
15 4.79 4.79 4.79 4.79 4.79 4.79 4.79 3.96 OFF 3.64 3.19 2.32 7 6.31 1.1 1.74 1.74 1.08 2.3
16 5.17 5.17 5.17 5.17 5.17 5.17 5.17 4.27 OFF 3.93 3.45 2.57 7.19 6.35 1.15 OFF 1.93 1.27 2.49
17 5.31 5.31 5.31 5.31 5.31 5.31 5.31 OF F 4.03 4.03 3.54 2.66 7.26 6.36 1.16 OFF 1.99 1.34 2.55
18 4.93 4.93 4.93 4.93 4.93 4.93 4.93 OF F 4.07 3.75 3.75 3.69 6.32 7.07 2.01 1.12 1.81 1.81 2.37
19 4.81 4.81 4.81 4.81 4.81 4.81 4.81 OF F 3.97 3.65 3.65 3.51 6.31 7.01 2.03 1.01 1.75 1.75 2.31
20 4.44 4.44 4.44 4.44 4.44 4.44 4.44 3.67 3.38 3.38 2.96 2.08 6.83 6.27 1.07 1.56 1.56 0.91 2.14
21 4.76 4.76 4.76 4.76 4.76 4.76 4.76 3.93 3.62 3.62 3.17 2.29 6.98 6.3 1.1 1.72 1.72 1.06 2.29
22 5.12 5.12 5.12 5.12 5.12 5.12 5.12 4.23 3.89 3.89 3.42 2.54 7.17 6.34 1.14 1.9 1.9 1.25 2.46
23 5.09 5.09 5.09 5.09 5.09 5.09 5.09 4.21 3.87 OFF 3.39 2.52 7.15 6.34 1.14 1.89 1.89 1.23 2.45
24 5 5 5 5 5 5 5 4.13 3.8 OFF 3.34 2.46 7.11 6.33 1.13 1.84 1.84 1.19 2.41
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